The lungs are the second most common site of metastasis for colorectal cancer (CRC) after the liver. Rectal cancer is associated with a higher incidence of lung metastases compared to colon cancer. In China, the proportion of rectal cancer cases is around 50%, much higher than that in Western countries (nearly 30%). However, there is no available consensus or guideline focusing on CRC with lung metastases. We conducted an extensive discussion and reached a consensus of management for lung metastases in CRC based on current research reports and the experts' clinical experiences and knowledge. This consensus provided detailed approaches of diagnosis and differential diagnosis and provided general guidelines for multidisciplinary therapy (MDT) of lung metastases. We also focused on recommendations of MDT management of synchronous lung metastases and initial metachronous lung metastases. This consensus might improve clinical practice of CRC with lung metastases in China and will encourage oncologists to conduct more clinical trials to obtain high-level evidences about managing lung metastases.
Overview and epidemiology of lung metastases in colorectal cancer
The incidence of colorectal cancer (CRC) continues to increase each year. In 2015, the incidence and mortality of CRC is ranked fifth among all malignant tumors in China [1] . In recent years, the widespread use of chest CT scans has resulted in a continuous increase in the number of CRC patients who are diagnosed with lung metastases. Retrospective data from 1996 to 2017 from Peking University Cancer Hospital show that lung metastases accounted for 32.9% of all metastatic CRCs (mCRC) and the tumors in 24.5% of mCRC patients first metastasized to the lung [2] . Currently, the lungs are the second most common site of metastasis for CRC after the liver. As patients with rectal cancer are prone to lung metastases [3, 4] and the proportion of rectal cancer cases in China (nearly 50%) is significantly higher than in Western countries (around 30%) [5] [6] [7] [8] , the diagnosis and treatment of lung metastases in CRC are more significant clinical problems in China.
Compared to other distal metastases, lung metastases have relatively slower growth and better overall survival [9] . Therefore, the treatment strategy for lung metastases cannot be made completely according to that for metastases at other sites (e.g., liver, peritoneum). However, there are no guidelines or expert consensus for lung metastases in CRC. Therefore, the Chinese College of Surgeons Expert Committee on Multidisciplinary Therapy and The Committee of Colorectal Cancer of the China Anti-Cancer Association have conducted an extensive discussion and reached a consensus for the recommendation of the multidisciplinary management for lung metastases in CRC.
Lung metastases can be classified into synchronous metastases and metachronous metastases based on the interval between the primary tumor and lung metastases appear. This consensus considers the perspective of clinical operability and refers to the latest treatment mode for liver metastases [10] to define synchronous lung metastases as "lung metastases that are discovered during the diagnostic workup for the primary tumor of CRC," whereas metachronous lung metastases are defined as "lung metastases that are found after diagnostic examinations."
Lung metastases are classified as initial metastases and non-initial metastases according to the sequence of lung metastases and other distal metastases. Initial lung metastasis is defined as lungs being the site of the first distal metastases, regardless of whether it is accompanied by other distal metastases. This includes all synchronous lung metastases and initial metachronous lung metastases (lung metastases that appear during preoperative neoadjuvant therapy or after resection of the primary lesion) and accounts for 74.4% of all lung metastases [2] . These metastases are the primary focus of discussion in this consensus. In contrast, non-initial lung metastases are developed during treatment for other metastatic diseases so they are all metachronous metastases.
Lung metastases can be classified as isolated lung metastases and non-isolated lung metastases depending on whether it is accompanied by extrapulmonary metastases (see Additional file 1).
Among patients with initial lung metastases, 37.7-44.5% have isolated lung metastases, of which only 21.1-32.5% of patients can undergo radical surgery for lung metastases [2, 11] . The remaining patients with isolated lung metastases have no opportunity to undergo radical treatment. For this population, there is a great uncertainty on the selection of systemic therapy, whether other local treatments of lung metastases can be conducted, and how to manage the primary CRC lesions. Among patients with non-isolated lung metastases, 38.6-55.5% have comorbid liver metastases [2, 11] , of which most patients cannot receive radical treatment of all metastatic lesions. Is there survival benefit if local treatment is conducted on the primary lesions and/or liver metastases? This consensus provides recommendations for clinical diagnosis and treatment decisions for the aforementioned problems. In addition, this consensus also discusses some specific problems related to non-initial lung metastases such as the management of lung metastases after resection of liver metastases.
Diagnosis and differential diagnosis of lung metastases in CRC

Imaging diagnosis
Unless lymphangitic carcinomatosis or extensive pleural metastases occur, CRC patients with lung metastases usually do not show respiratory signs or symptoms. Therefore, it is recommended that high-resolution chest CT scans be used, whereas other imaging methods such as chest X-rays and MRI are not recommended. It is recommended that enhanced chest CT scans be used for the diagnosis of mediastinal or hilar lymph node metastases.
Risk factors supporting lung metastases diagnosis
The risk factors supporting lung metastases diagnosis are age of onset > 70 years, multiple nodules in both lungs, metachronous intrapulmonary nodules, pleural thickening or effusion, rectal cancer (particularly middle or lower rectal cancer), locally advanced CRC (particularly extramural vascular invasion), higher N stages, lymphovascular invasion at the primary lesion, elevated preoperative CEA levels, KRAS mutations in the primary lesion, and presence of liver metastases or other extrapulmonary metastases [3, 4, [12] [13] [14] [15] [16] [17] [18] [19] [20] .
Lymphangitic carcinomatosis
The signs of lymphangitic carcinomatosis are irregular or nodular thickening of peripheral vascular and tracheal bundles, interlobular septa uniform or nodular thickening with normal lobular morphology or angular changes, and regional lymph node enlargement. Other signs include diffuse intrapulmonary nodules, pleural hypertrophy, and pleural effusion.
Differential diagnosis
Lung metastases in CRC should be differentiated from other malignant nodules such as primary lung cancer and benign diseases including benign non-specific nodules, infectious lesions, and immune disorders.
Pathological diagnosis
In pathology, CRC lung metastases appear as moderately to highly differentiated adenocarcinomas, with relatively large glandular lumen and tall epithelial cells. Primary lung adenocarcinomas mostly exhibit an acinar growth pattern with relatively small glandular lumen. The epithelial cells often appear as hobnail-like cells. Adenocarcinomas in situ showing lepidic growth are often seen nearby. For poorly differentiated metastatic colorectal adenocarcinomas and unique types of adenocarcinomas such as mucinous adenocarcinoma, signet ring cell carcinoma, and poorly differentiated primary lung adenocarcinomas, it is difficult to differentiate them by morphology, thus immunohistochemistry and detailed medical history should be used for differentiation. CRC lung metastases commonly stain positive for CK20, CDX-2, and SATB2, whereas primary lung adenocarcinomas commonly stain positive for CK7, TIF-1, and napsin A [21] . Other neoplasms should be considered in the differentiation as well (e.g., neuroendocrine tumor, pneumocytoma, adenocystic carcinoma, myxoepithelioma).
In addition, the consensus recommends routine testing for KRAS, NRAS, and BRAF mutation, as well as status of microsatellite instability (MSI) or function of mismatch repair (MMR) proteins [22] . Because KRAS mutation is involved in lung metastasis, the frequency of KRAS mutation in patients with lung metastases is high [13] . It is also recommended that HER2 immunohistochemical detection be routinely conducted.
Patients with lung metastases exhibit some molecular characteristics different from the primary tumors; therefore genetic analysis of lung metastasis should be conducted when possible to better aid the oncologist in determining a treatment regimen. For patients whose tissue specimens from metastatic lesions cannot be obtained, liquid biopsy can be considered for testing of relevant genes and molecular markers [23] . However, this strategy has not been validated by large-scale clinical studies, and the interpretation of results remains debatable.
General guidelines for multidisciplinary therapy of lung metastases in CRC
Overall, for patients with curable lung metastases, the treatment goal is to achieve the status of no evidence of disease (NED) and reduce recurrence risk, and for those with incurable disease even after intensive systemic therapy, the goal is to prolong survival duration and improve life quality. The general principle of the management of lung metastases is that comprehensive therapy should be conducted after multidisciplinary discussion, because the number, site, size, and genotype of lung metastases, primary tumor location, and extrapulmonary metastases affect prognosis and treatment decisions. Therapeutic approaches include systemic therapy, radical local treatment (e.g., R0 surgical resection, stereotactic radiation therapy, and ablation therapy), and local palliative treatment. Multidisciplinary discussion should combine the patient's clinical characteristics with accessibility to medical resources to determine treatment goals and thereby formulate a rational and orderly comprehensive treatment strategy (Fig. 1) .
During the early phase of treatment, the multidisciplinary therapy (MDT) team should determine whether the metastatic lesions and the primary tumor are curable. Usually, systemic therapy is first administered to determine treatment responses and the biological behavior of the tumors before radical treatment on all lesions in patients who can technically achieve NED. For patients who cannot achieve NED, it is recommended that a decision be made on whether management of local lesions (including primary tumor or local recurrence) should be conducted under the guidance of the MDT team when good systemic disease control is achieved ( Fig. 1 ). During treatment, the biological behavior of tumors, treatment responses, and extrapulmonary metastases should be monitored and timely adjustment to treatment expectations and regimen be conducted.
Even though lung metastases develop slowly and are usually not the primary factors affecting survival and prognosis, the MDT team should be alerted of the possibility of lymphangitic carcinomatosis. This type of intrapulmonary metastases has extremely poor outcomes, and local treatment is usually not recommended for this population of patients. Systemic therapy is the mainstay treatment, and the drugs used should be determined according to the patient's medical history, physical status, and genetic status so that the most effective drug regimens can be selected. In addition, if emergencies such as bleeding, perforation, and obstruction in the primary tumor or local recurrent lesion occur during diagnosis and treatment, then it is recommended that these emergency complications be managed (e.g., surgical resection, stent implantation, or colostomy) before the patients are treated according to the management procedure for asymptomatic patients. The subsequent discussions will focus on patients with no emergency complications relating to primary/local recurrent lesions.
High-level clinical evidence is limited; therefore, this consensus encourages Chinese oncologists to conduct multicenter clinical studies and encourages individual centers to participate in these future multicenter trials. This consensus also encourages individual cancer centers to include every patient with oligometastatic disease and MDT in a prospectively created registry for quality control and future outcome analysis.
Management of synchronous lung metastases
Management of isolated and resectable lung metastases Around 9.4-12.2% of patients with lung metastases are suitable for local radical treatment [2, 11] , which includes R0 surgery, radiotherapy, and ablation therapy. Even though there are no mature randomized controlled trials, surgery is regarded as the local treatment method with the clearest benefit. Most retrospective studies have found that surgery is superior to chemotherapy alone.
After resection of the intrapulmonary lesions, the 5-year survival rate is 35-70% and the 10-year survival rate is 20-30% [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] but the 5-year survival rate for patients who received chemotherapy alone is only around 20% [43] . Therefore, it is recommended that aggressive surgical resection be conducted on patients with resectable lung metastases. Radiotherapy and ablation therapy can be considered as alternative measures for patients who are not suitable for surgery due to tumor site, expected residual lung function, patient tolerance, or patient willingness [44] .
Principles of surgical resection
Generally, the first choice for resection of lung metastases is sublobar resection such as wedge resection or segmental resection of the lung. However, under some rare circumstances, pulmonary lobectomy can be conducted as a last resort when the tumor is deep or when there is massive intraoperative bleeding. Patients who receive pulmonary lobectomy have relatively poor prognosis. Even if R0 surgery is conducted, patients with the following factors will Fig. 1 Principles of treatment for lung metastases. Note 1: Number sign is patients with primary tumor or local recurrence. If the primary tumor or local recurrence that cannot be radically treated initially, reassess the possibility of radical treatment after (intensive) systemic therapy: (1) if the lesion has converted to a curable tumor, then the above process can be used as a reference; (2) if the tumor is still incurable, a comprehensive therapy protocol should be formulated after multidisciplinary discussion (in such cases, the lesion could be managed as "an incurable metastatic lesion"). Note 2: For lung metastases + extrapulmonary metastases at any site other than the liver, please refer to the treatment principles for "lung metastases + liver metastases." Note 3: Non-initial lung metastases are a highly heterogenous group of diseases. In contrast to initial lung metastases, these patients have previously received drug treatment, and further drug efficacy is relatively low. For these patients, it is recommended that a final decision be made after the MDT team has comprehensively examined the patient's physical status, efficacy and adverse events from previous treatment, drug discontinuation duration, and the biological behavior of tumors have poor prognosis: multiple lung metastases, hilar or mediastinal lymph node metastases, preoperative CEA elevations, large metastatic lesions, shorter disease-free interval (DFI), older age, advanced primary tumor stage, rectal primary tumor, and non-R0 surgery (Table 1) .
For patients with no suspected hilar/mediastinal lymph node metastasis in preoperative examinations, routine lymph node dissection during surgery is not required. If lymph node metastases are suspected, then lymph node biopsy or dissection can be considered during surgery.
Perioperative treatment
For resectable lung metastases, the goal of perioperative treatment is to increase the R0 resection rate and decrease the risk of postoperative recurrence. Preoperative systemic therapy can also aid in determining the biological behavior of the tumors. However, there is currently insufficient clinical trial data on preoperative drug treatment in CRC lung metastases, so it is not clear whether this will improve the disease-free survival (DFS) and overall survival (OS) of patients.
For rectal cancer, no studies on perioperative treatment in synchronous lung metastases have been performed to date. It is recommended that sufficient systemic therapy be conducted before surgery for primary tumors and lung metastases and preoperative neoadjuvant rectal radiotherapy be conducted for patients with T3-4 or N+ middle or lower rectal cancer. After surgery, the entire perioperative treatment duration of less than 6 months can be completed according to the tumor response of preoperative treatment and the patient's physical condition. For rectal cancer patients who did not undergo preoperative treatment, it is recommended that up to 6 months of combined oxaliplatin-based chemotherapy ± radiotherapy be conducted after surgery according to extrapolation of results from the IDEA study (only colon cancer involved) and the SCOT study (both colon cancer and rectal cancer involved) [45, 46] . The specific implementation protocol should be performed under the guidance of an MDT team ( Table 2) .
Non-surgical local treatment measures can be considered for resectable lung metastases in patients who are not suitable for or refuse surgery. These measures mainly include stereotactic body radiation therapy (SBRT) and ablation therapy. Similar to the principles of surgical treatment, the status of the primary lesion must be assessed before SBRT or ablation therapy and these treatments should be conducted under conditions in which there is good overall tumor control. The principles of systemic therapy are similar to those of perioperative treatment. For single lung metastases, radiofrequency ablation should be first considered when the lesion is located at the outer zone. If the lesion is located at the middle zone, then both radiofrequency ablation and radiotherapy can be considered; and if the lesion is located in the inner zone or near blood vessels, then radiotherapy should be considered first [44] . For multiple lung metastases, a corresponding treatment method can be decided after multidisciplinary discussion.
Management of isolated and potentially resectable lung metastases
Currently, there is no clear definition of "potentially resectable lung metastases." In most patients who initially have unresectable lung metastases, the reasons for unresectability are widespread distribution of lung metastases and a large number of lung metastases. However, in a minority of patients, the reason is the location or size of the metastatic lesions, or that the metastatic lesions are close to the hilus of the lung or important blood vessels or organs. These patients may achieve the opportunity to undergo R0 surgery through intensive conversion therapy. Large tumor diameter The larger the tumor, the poorer the survival [34] Short disease-free interval (DFI) Poor survival if DFI < 24 months [26] Older age Poor survival if > 70 years [29] Advanced primary tumor stage Advanced stage of primary tumor results in poor prognosis [36] Primary tumor located at the rectum Rectal cancer has a poorer survival than colon cancer [25] R1 or R2 resection R1 or R2 resection is associated with poor survival [33, 42] Pulmonary lobectomy Pulmonary lobectomy has poorer survival than wedge resection or segmental resection of the lung [40] A small-sample study showed that the conversion rate of lung metastases is 5.7-7.1% [47, 48] (Table 3) .
Management of isolated and unresectable lung metastases
Palliative treatment should be conducted on patients with unresectable lung metastases and includes systemic therapy and palliative local treatment. Treatment goals and drug toxicity should be fully considered for systemic therapy [2] . Combination chemotherapy or monochemotherapy ± targeted therapy can be considered. Regular follow-up can be considered for asymptomatic patients with isolated lung metastases, particularly patients with small metastases (e.g., lesions < 1 cm) and good prognosis. Regorafenib may be a choice after failure with first-line and second-line treatment [49] . Please refer to the 2017 National Health and Family Planning Commission Chinese Protocol of Diagnosis and Treatment of Colorectal Cancer for specific drug options [22] . As some patients with lung metastases may have a long survival duration, the gene status of the metastatic lesions might change and thus influence further systemic therapy outcomes after undergoing multiple lines of treatment or a long treatment duration. When possible, re-biopsy of the intrapulmonary lesions or liquid biopsy can be conducted when disease progression occurs to fully understand gene status in the tumor [23] .
Management of lung metastases with extrapulmonary metastases at any other sites
Lung metastasis is the subtype with the best prognosis among metastasis types [9] . Therefore, when lung metastases are accompanied by distal metastases at any other site, these other distal metastases are usually the main consideration for treatment, except when the burden of lung metastases is large and the patient is symptomatic. Thus, this consensus uses liver metastases as an example for corresponding recommendations (Table 4) . Treatments for metastases at other sites should refer to the treatments outlined for liver metastases here. For potentially resectable or unresectable metastatic lesions, if these lesions can be converted to resectable by treatment, then they should be included in corresponding routes for management. If there are ≥ 2 other metastasis sites in addition to lung metastases, then this condition is no longer considered to be oligometastases. This consensus recommends systemic palliative therapy be the main approach. During treatment, MDT team discussions should be conducted to determine whether to use local treatment according to drug efficacy and the biological behavior of the tumors (Table 5) .
Resectability assessment of multi-organ metastatic lesions (including lung metastases), selection of surgery timing, and comprehensive therapy require MDT team discussion before determining the treatment strategy. With regard to the colorectal primary tumor and multiorgan metastases, the assessment method is listed in Table 6 .
Currently, it is believed that chemotherapy combined with targeted therapy cannot convert initially unresectable multi-organ metastases (including lung metastases) to resectable multi-organ metastases. However, a minority of patients who are particularly sensitive to chemotherapy or chemotherapy combined with targeted therapy may undergo successful conversion. After successful conversion and R0 resection of initial potentially resectable lung metastases, it is recommended that the preoperative treatment regimen be used as postoperative therapy
Management of special situations in rectal cancer with synchronous lung metastases
After locally advanced (T3-4 or N+) middle or lower (≤ 10 cm from the anal margin) rectal cancer has been treated with neoadjuvant therapy, particularly total neoadjuvant therapy (TNT), good long-term control can be achieved for the primary tumor, with a pathological complete response (pCR) of 25-30%. Even though there is a lack of data from large-sample clinical studies for neoadjuvant radiochemotherapy efficacy and strategy in metastatic middle and lower rectal cancer, surgery of middle and lower rectal cancer may significantly affect quality of life (e.g., postoperative complication, stoma care). Therefore, with regard to locally resectable middle and lower rectal cancer with synchronous lung metastases, the following recommendations are made for the management of the primary tumor: When the treatment goal is NED, it is recommended that preoperative systemic therapy and neoadjuvant radiotherapy for the primary tumor be conducted before radical resection of the primary tumor and metastatic lesions. The management order for the primary tumor and metastatic lesions requires MDT team discussion. If the patient has a strong intention for organ preservation and refuses surgery, radical resection of the metastatic lesions can be conducted after TNT treatment and the status of the primary tumor should be closely monitored during follow-up.
Management of initial metachronous lung metastases
Initial metachronous lung metastases mainly include lung metastases that appear during the planned neoadjuvant treatment period or after resection of the primary tumor. It is recommended that the local treatment sequence and method be decided after MDT team discussion. It is currently believed that the type of resection for lung metastases has mild effects on the patient prognosis. If both liver metastases and lung metastases are technically resectable lesions, simultaneous or sequential resection of the lesions can be conducted. It is recommended that metastatic lesions with the highest difficulty be resected first. However, considering that reduced pulmonary function after resection of lung metastasis may affect surgical anesthesia, it is usually recommended that liver metastases be resected first when there are no differences of surgical difficulties between lung metastases and liver metastases [55] . SBRT or radiofrequency ablation is also effective for local treatment of lung metastases. This is particularly so for non-technically unresectable lung metastases, in which the use of SBRT or ablation therapy is highly recommended [56] [57] [58] [59] 2
Perioperative treatment includes neoadjuvant therapy and adjuvant therapy. Neoadjuvant chemotherapy can reduce the preoperative tumor volume and reduce the formation of micrometastases and increase radical resection rate of surgery. In order to limit the occurrence of drug-induced liver injury, the duration of neoadjuvant chemotherapy is usually limited to 2-3 months. In addition, the patient's physical condition, RAS and BRAF gene status, and tumor burden should be considered to decide whether chemotherapy should be combined with targeted therapy 3 It is necessary to consider the patient's physical status, location of primary tumor, molecular biology characteristics, and prognostic status before determining the systemic treatment regimen 4 For patients with lung metastases that are unable to undergo technical radical resection, resection of liver metastases may provide survival benefits [60] . However, the selection of these patients should be based on MDT team discussion It is necessary to consider the patient's physical status, location of primary tumor, molecular biology characteristics, and prognostic status before determining the systemic therapy regimen 2 In addition to liver metastases, extrapulmonary metastases may be peritoneal metastases, pelvic implantation metastases, ovarian metastases, abdominal lymph node and superficial lymph node metastases, brain metastases, and bone metastases. Currently, there is still a debate on whether resection of the aforementioned extrapulmonary metastases can result in survival benefits for patients. Only a small number of studies found that R0 resection of some organ metastases (such as peritoneal metastases, ovarian metastases, and abdominal metastases) may improve patient survival. Therefore, caution must be exercised when selecting patients for local treatment of lung metastases and other metastatic lesions. It is recommended that systematic therapy be conducted first [44] Please refer to the corresponding section in synchronous lung metastases for the former situation. With regard to the latter situation, if this is accompanied by local recurrence and the local recurrent lesion is resectable, then the local recurrence lesion should be considered as a "primary lesion" and management should be conducted according to "synchronous lung metastases." If the local recurrent lesion is unresectable, then this should be considered as an unresectable metastatic lesion and management should be conducted according to the route in Fig. 1 . The overall treatment principles are similar to synchronous lung metastases, which will not be discussed here. In this section, we will only discuss perioperative treatment for isolated resectable lung metastases. This consensus recommends that patients who meet the criteria for resection undergo surgery as the initial treatment [11, 50, 51] . Because perioperative therapy may be superior to surgery alone, postoperative chemotherapy is reasonable and the regimens should be made based on treatments for locally advanced CRC, with oxaliplatin-based treatments being recommended. If preoperative neoadjuvant therapy is an irinotecan-based chemotherapy regimen, then the original regimen can be continued as postoperative adjuvant therapy in patients in which the treatment is effective. The total duration of perioperative chemotherapy should not exceed 6 months [19, 31, 50, [52] [53] [54] .
Follow-up
Regular follow-up is recommended after NED achieved with local ablative treatment in CRC with lung metastases. Plain or enhanced chest CT scan should be conducted once every 6 months for 3 years, and then once a year, for a total of 5 years. Other post-treatment surveillance is referred to Chinese Protocol of Diagnosis and Treatment of Colorectal Cancer [22] .
Conclusion and perspective
In conclusion, this consensus is based on Chinese oncologists' opinions and limited clinical evidence. We recognized the urgency to conduct randomized prospective controlled clinical studies in the management of CRC lung metastasis. In summary, we hope this consensus provides guidance in treating CRC lung metastasis and encourage in this field. For patients with only liver metastases as extrapulmonary metastases, it is recommended that high-resolution chest CT scan be used for resectability assessment of lung lesions. Additionally, enhanced CT of the entire abdomen and contrast-enhanced MRI of the liver should be used to for resectability assessment of liver metastases [61] [62] [63] . In addition to assessment for technical resectability, biological behavior assessment should also be considered. Currently, it is believed that patients with more than five liver metastases, more than three lung metastases, and who exhibit progression after neoadjuvant treatment have poor outcomes after radical resection [64, 65] 2 PET-CT is only used when it is impossible to determine the nature of lung lesions and extrapulmonary lesions. Currently, it is believed that PET-CT has greater value for intrapulmonary lesions > 1 cm [66] 
